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APPARATUS FOR TESTING VAPOR 
EMISSIONS FROMMATERALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 61/791,292, filed on Mar. 15, 2013, the com 
plete disclosure of which, in its entirely, is hereby incorpo 
rated by reference. 

GOVERNMENT INTEREST 

The invention described herein may be manufactured, 
used, and/or licensed by or for the United States Government. 

BACKGROUND 

1. Technical Field 
The embodiments herein generally relate to the measure 

ment of chemical vapor emissions from materials, and more 
particularly to the detection and measurement of very small 
chemical vapor emissions from materials. 

2. Description of the Related Art 
Evaluating the emission of chemical vapors from materials 

is investigated for a wide range of materials and emitting 
chemicals. For instance, measuring and characterizing vapor 
emissions over time is important for materials that are manu 
factured using various chemical treatments or processes Such 
as plasticizers, adhesives, and polymerization. The nature of 
the material and reason for performing the emission measure 
ment contributes to how the chemical vapor emission is mea 
Sured. Conventional dynamic vapor chambers utilize a cylin 
drical geometry with impinging jet air flow to contain the 
material and emitting vapors. However, the chamber geom 
etry and airflow typically do not provide the controlled envi 
ronment required to fully characterize the dynamic processes 
of vapor emissions for applications such as the contamination 
and decontamination of materials with, for example, chemi 
cal warfare agents. Accordingly, it is desirable to have a new 
and improved apparatus for testing Small vapor emissions 
from materials. 

SUMMARY 

In view of the foregoing, an embodiment herein provides 
an apparatus comprising a chamber having a recessed area 
that accommodates a test material, wherein the test material 
includes vapors emitted therefrom; an air inlet chamber that 
directs at flow of air towards the recessed area; at least one air 
flow wall adjacent to the recessed area and intersecting the 
flow of air, wherein the at least one air flow wall disrupts the 
airflow field as it flows towards the test material and produces 
a uniform and distributed laminar air flow field across a sur 
face of the test material; a thermal controller under the 
recessed area that maintains a uniform temperature of the test 
material and the flow of air over the test material; and an air 
exhaust port that collects the vapors emitted from the test 
material. The thermal controller may comprise a thermal 
exchange liquid. The air Volume in the chamber may com 
prise approximately 30 mL of air. The apparatus may further 
comprise a plurality of chambers arranged adjacent to one 
another. The chamber may comprise a lid that provides an air 
tight seal around the recessed area. The apparatus may further 
comprise a groove Surrounding the recessed area; and a seal 
ing ring orgasket positioned within the groove and contacting 
the lid when the lid is pushed towards the recessed area. The 
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2 
apparatus may further comprise a pair of air flow walls posi 
tioned on opposite sides of the recessed area. 

Another aspect of the embodiments herein provides a 
dynamic vapor microchamber comprising a section adapted 
to accommodate a test material; an air inlet chamber that 
directs a flow of air towards the section: an air flow wall 
proximate to the section and positioned to intersect the flow of 
air, wherein the air flow wall controls the air flow field as it 
moves over the test material and produces a uniform and 
distributed laminar air flow field across a surface of the test 
material; a thermal controller adjacent to the section that 
controls a temperature of the test material and the air over the 
test material; and an air exhaust port that transmits vapors 
emitted from the test material. The thermal controller may 
comprise a thermal exchange liquid. The air Volume in the 
microchamber may comprise approximately 30 mL of air. 
The dynamic vapor microchamber may further comprise a lid 
that provides an air tight seal around the section. The dynamic 
vapor microchamber may further comprise a groove Sur 
rounding the section; and a sealing ring or gasket positioned 
within the groove and contacting the lid when the lid is 
directed towards the section. The dynamic vapor microcham 
ber may further comprise a pair of airflow walls positioned on 
opposite sides of the section. 

Another aspect of the embodiments herein provides a 
method of measuring vapor emissions from materials, the 
method comprising positioning a test material including a 
chemical in a vapor microchamber having a recessed area that 
accommodates the test material; directing a flow of air 
towards the test material; controlling the flow of air moving 
over the test material by producing a uniform and distributed 
laminar air flow field across a surface of the test material; 
controlling a temperature of the test material and the flow of 
air over the test material; wherein the test material emits 
chemical vapors; collecting the vapors emitted from the test 
material; and determining vapor emission rates of the chemi 
cal from the material. The method may further comprise 
controlling the temperature using a thermal exchange liquid. 
The method may further comprise calculating vapor concen 
trations of the chemical. The method may further comprise 
arranging a plurality of the vapor microchambers adjacent to 
one another. The method may further comprise sealing the 
recessed area. The method may further comprise using an air 
flow wall to control the airflow field. The method may further 
comprise using a pair of airflow walls positioned on opposite 
sides of the recessed area to control the air flow field. 

These and other aspects of the embodiments herein will be 
better appreciated and understood when considered in con 
junction with the following description and the accompany 
ing drawings. It should be understood, however, that the fol 
lowing descriptions, while indicating preferred embodiments 
and numerous specific details thereof, are given by way of 
illustration and not of limitation. Many changes and modifi 
cations may be made within the scope of the embodiments 
herein without departing from the spirit thereof, and the 
embodiments herein include all Such modifications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The embodiments herein will be better understood from 
the following detailed description with reference to the draw 
ings, in which: 

FIG. 1A illustrates a side view of a dynamic vapor micro 
chamber according to an embodiment herein; 
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FIG. 1B illustrates a top view of the dynamic vapor micro 
chamber of FIG. 1A according to an embodiment herein; 

FIG. 2 illustrates a perspective view of multiple dynamic 
vapor microchambers according to an embodiment herein; 
and 

FIG. 3 is a flow diagram illustrating a method according to 
an embodiment herein. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The embodiments herein and the various features and 
advantageous details thereof are explained more fully with 
reference to the non-limiting embodiments that are illustrated 
in the accompanying drawings and detailed in the following 
description. Descriptions of well-known components and 
processing techniques are omitted so as to not unnecessarily 
obscure the embodiments herein. The examples used herein 
are intended merely to facilitate an understanding of was in 
which the embodiments herein may be practiced and to fur 
ther enable those of skill in the art to practice the embodi 
ments herein. Accordingly, the examples should not be con 
Strued as limiting the scope of the embodiments herein. 
The embodiments herein provide a dynamic vapor micro 

chamber that enables the time-resolved measurement of 
chemical vaporemissions from materials. The dynamic vapor 
microchamber allows for the control of all relevant aspects of 
the measurement of vapor emission. Referring now to the 
drawings, and more particularly to FIGS. 1A through 3, 
where similar reference characters denote corresponding fea 
tures consistently throughout the figures, there are shown 
preferred embodiments. 
The dynamic vapor chamber 10 provided by the embodi 

ments herein may be used for applications such as the char 
acterization of contamination of materials 9, the decontami 
nation of chemicals from materials, the development of 
chemically hardened paints or materials, the characterization 
of chemical interactions with personal protective equipment 
materials, etc., for example, but is not limited to these appli 
cations. The internal volume of the dynamic vapor chamber 
10 is typically on the order of 1x10 m although other 
dimensions and configurations are possible in accordance 
with the embodiments herein. 
One example application of the dynamic vapor micro 

chamber 10 is for materials that are manufactured with vari 
ous chemical treatments or processes (e.g., plasticizers, adhe 
sives, and polymerization) and the interest is to characterize 
the emission of various chemicals over a specified time 
period. Typically, a sample of the material 9 is placed in the 
recessed area 3 of the microchamber 10 and airflow is 
directed through the chamber enclosure as vapors are emitted 
from the material 9. Calculation procedures are used to deter 
mine vapor emission rates of the chemical from the material 
9 so that concentrations of the chemical can be predicted in 
other situations or environments. The predicted calculations 
are used to perform analyses such as risk assessments to 
determine the level of chemical exposure to people residing in 
the specified situation. 
As mentioned above, the dynamic vapor microchamber 10 

allows for the control of all relevant aspects of the measure 
ment of vaporemission as illustrated in FIGS. 1A and 1B. The 
dynamic vapor microchamber 10 is configured to control 
temperature using a thermal exchange liquid 6 positioned 
under said recessed area 3, and facilitates material geometries 
applicable to material vapor emission Such as that used in 
contamination and decontamination testing of materials. The 
geometrical configuration of the dynamic vapor microcham 
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4 
ber 10 is designed to produce a distributed laminar air flow 
field across the surface of the test material 9 through the use 
of an air flow wall 1 to disrupt the impinging jet (air) flow 
(denoted by the arrow in FIG. 1A) from the chamber air inlet 
2. The air then flows across the material 9, resting in the test 
material recessed area 3. The geometrical configuration of the 
dynamic vapor microchamber 10 results in a very small air 
volume (on the order of approximately 30 mL), providing 
very high sensitivity to measure vapor emissions from the test 
material 9. The dynamic vapor microchamber 10 is config 
ured as an individual test unit; however one or more test units 
may be constructed and used simultaneously as shown in 
FIG 2. 
The dynamic vapor microchamber 10 is used by placing a 

material of interest 9 in the dynamic vapor microchamber 10, 
sealing the chamber lid 5, and initiating air flow through the 
microchamber inlet 2. Vapor samples are collected from the 
exhaust port 4 of the dynamic vapor microchamber 10. Vapor 
samples are quantified using various quantitative analytical 
techniques to enable the calculation of vapor concentrations 
and vapor emission rates of the test material 9. The tempera 
ture control approach facilitates uniform temperature of the 
test material 9 and airflowing into the dynamic vapor micro 
chamber 10. This mediates temperature gradients in the test 
chamber 10, which may influence the experimental results. 
The geometrical configuration of the dynamic vapor 

microchamber 10 results inflow field that develops a uniform, 
laminar boundary layer across the Surface of the test material 
9, as compared to impinging jet configurations that provide 
non-uniform boundary layers across the Surface of the mate 
rial 9. The boundary layer uniformity and air velocity at the 
surface of the material 9 influence the measured vapor emis 
Sion. The combination of these features provides as reproduc 
ible, high sensitivity dynamic vapor microchamber 10 that 
enables a reproducible, robust, and highly sensitive measure 
ment of vapor emissions. 
The preferred material of construction is stainless steel 

316L due to its chemically inert characteristics. It is prefer 
able, but not required, that the apparatus 10 is constructed of 
any inert, nonabsorptive material Such as most metals (e.g., 
steel, aluminum) or glass. The embodiments herein may be 
constructed of a single microchamber 10 (as in FIGS. 1A and 
1B) or in groups of multiple microchambers 10 (as in FIG. 2). 
The closure system (e.g., closure lid 5) is preferred, but not 
required, to provide an air tight seal to enclose the test mate 
rial 9 within the chamber 10. An o-ring 7 resting in an o-ring 
groove 8 further facilitates the air tight seal upon closure of 
the lid 5. The air wall may be any depth or width to ensure the 
impinging jet flow from the inlet 2 is disrupted to a laminar 
flow across the material 9. 

FIG. 3, with reference to FIGS. 1A through 2, is a flow 
diagram illustrating a method of measuring vapor emissions 
from materials 9 according to an embodiment herein. With 
reference to FIG. 3, the method comprises positioning (30) a 
test material 9 including a chemical (not shown) in a vapor 
microchamber 10 having a recessed area 3 that accommo 
dates the test material 9; directing (31) a flow of air towards 
the test material 9; controlling (32) the flow of air moving 
over the test material 9 by producing a uniform and distrib 
uted laminar airflow field across a surface of the test material 
9; controlling (33) a temperature of the test material 9 and the 
flow of air over the test material 9; the test material 9 emitting 
(34) vapors from the chemical; collecting (35) the vapors 
emitted from the test material 9; and determining (36) vapor 
emission rates of the chemical. The method may further com 
prise controlling the temperature using a thermal exchange 
liquid 6. The method may further comprise calculating vapor 
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concentrations of the chemical. The method may further com 
prise arranging a plurality of the vapor microchambers 10 
adjacent to one another. The method may further comprise 
Sealing the recessed area. The method may further comprise 
using an air flow wall 1 to control the air flow field. The 
method may further comprise using a pair of air flow walls 1 
positioned on opposite sides of the recessed area 3 to control 
the air flow field. 

The foregoing description of the specific embodiments will 
so fully reveal the general nature of the embodiments herein 
that others can, by applying current knowledge, readily 
modify and/or adapt for various applications such specific 
embodiments without departing from the general concept, 
and, therefore, such adaptations and modifications should and 
are intended to be comprehended within the meaning and 
range of equivalents of the disclosed embodiments. It is to be 
understood that the phraseology or terminology employed 
herein is for the purpose of description and not of limitation. 
Therefore, while the embodiments herein have been 
described in terms of preferred embodiments, those skilled in 
the art will recognize that the embodiments herein can be 
practiced with modification within the spirit and scope of the 
appended claims. 

What is claimed is: 
1. An apparatus for testing vapor emissions from materials, 

comprising: 
a chamber having a recessed area that accommodates a test 

material, wherein said test material may emit chemical 
vapors emitted therefrom; 

an air inlet chamber that directs a flow of air towards said 
recessed area and is positioned below said recessed area 
so that the test material positioned above the air inlet; 

at least one air flow wall adjacent to and extending below 
said recessed area and intersecting said flow of air from 
said air inlet, wherein said at least one air flow wall 
disrupts said air flow field as it flows towards said test 
material and produces a uniform and distributed laminar 
air flow field across a surface of said test material; 

athermal controller under said recessed area that maintains 
a uniform temperature of said test material and said flow 
of air over said test material; and 

an air exhaust port that collects said vapors emitted from 
said test material. 

2. The apparatus of claim 1, wherein said thermal control 
ler comprises a thermal exchange liquid. 

3. The apparatus of claim 1, wherein an air volume in said 
chamber comprises approximately 30 mL of air. 

4. The apparatus of claim 1, further comprising a plurality 
of chambers arranged adjacent to one another. 

5. The apparatus of claim 1, wherein said chamber includes 
a lid that provides an air tight seal around said recessed area. 

6. The apparatus of claim 5, further comprising: 
a groove surrounding said recessed area; and 
a sealing ring positioned within said groove and contacting 

said lid when said lid is pushed towards said recessed 
aCa. 

7. The apparatus of claim 1, wherein said at least one air 
flow wall comprises a pair of air flow walls positioned on 
opposite sides of said recessed area. 
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8. A dynamic vapor microchamber, comprising: 
a section adapted to accommodate a test material; 
an air inlet chamber positioned below said section that 

directs a flow of air towards said section: 
an air flow wall proximate to and extending below said 

section and positioned to intersect said flow of air, 
wherein said air flow wall controls said air flow field as 
it moves over said test material and produces a uniform 
and distributed laminar airflow field across a surface of 
said test material; 

a thermal controller adjacent to said section that controls a 
temperature of said test material and said flow of air over 
said test material; and 

an air exhaust port that transmits vapors emitted from said 
test material. 

9. The dynamic vapor microchamber of claim 8, wherein 
said thermal controller comprises a thermal exchange liquid. 

10. The dynamic vapor microchamber of claim 8, wherein 
an air Volume in the microchamber comprises approximately 
30 mL of air. 

11. The dynamic vapor microchamber of claim 8, further 
comprising a lid that provides an air tight seal around said 
section. 

12. The dynamic vapor microchamber of claim 11, further 
comprising: 

a groove Surrounding said section; and 
a sealing ring positioned within said groove and contacting 

said lid when said lid is directed towards said section. 
13. The dynamic vapor microchamber of claim 8, further 

comprising a second airflow wall positioned on a side of said 
section opposite to said airflow wall. 

14. A method of measuring vapor emissions from materi 
als, said method comprising: 

positioning a test material including a chemical in a vapor 
microchamber having a recessed area that accommo 
dates said test material, said test material emitting 
vapors of said chemical over time; 

directing a flow of air towards said test material from an air 
inlet positioned below said recessed area; 

controlling said flow of air moving over said test material 
by producing a uniform and distributed laminar air flow 
field across a surface of said test material by intersecting 
said flow of air from said air inlet with an air flow wall; 

controlling a temperature of said test material and said flow 
of air over said test material; 

collecting said vapors emitted from said test material; and 
determining vapor emission rates of said chemical. 
15. The method of claim 14, further comprising controlling 

said temperature using a thermal exchange liquid. 
16. The method of claim 14, further comprising calculating 

Vapor concentrations of said chemical. 
17. The method of claim 14, further comprising arranging 

a plurality of said vapor microchambers adjacent to one 
another. 

18. The method of claim 14, further comprising sealing 
said recessed area. 

19. The method of claim 14, further comprising using a pair 
of air flow walls positioned on opposite sides of said recessed 
area to control said air flow field. 
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